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© Fastener delivery tube. 



© A fastener delivery tube (21) incorporates an 
internal guide (22) - such as a continuous sleeve 
lining, flexible, or resiliency deformable spring 
strips (34, 37, 38) or re-circulating balls (54) - 
forming a longitudinally movable constricton, 
inhibiting fastener free-fall through the tube 
and preserving fastener orientaton, by main- 
taining fastener (25) contact with a driving 
plunger (28) in its passage there-through and 
upon exit there-from into contact with a work- 
piece. 
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Technical Field 

This invention relates to the presentation of fas- 
^t^nets^toworkpieces. * 

More specifically, it relates to fasteners which are s 
to be machine applied and need to be fed, through a 
delivery tube, from a supply, such as a carrier tape, 
to a remote workpiece - often with restricted access. 

It has been found desirable to provide such a de- 
livery tube with the capability of exerting a^c Qntrof led 10 
re^lRMi^oTee^sufficient to hold the fasteners in a 
desired orientation throughout their passage through 
the tube - butepreferablv^ 
body& 

The term tube is used herein to embrace any con- 15 
figuration or disposition Q^pl!^!ii^li^i|^^ 



The term fastener is used herein to embrace a 
disparate variety of elements for joining one compo- 
nent to a another. 20 

Of the generality of fasteners, the invention is 
particularly, but not exclusively, concerned with riv- 
ets - for example hollow, tubular, self-piercing rivets, 
with a shank and relatively enlarged head. 

their fastening axis) 

special handling and delivery problems - not least be- 
cause of their innate tendency to tumble, or lose their 
axial orientation with respect to the direction of (de- 
livery) movement. 30 

Background Art 

A typical applicator for applying fasteners con- 
sists of a hydraulic cylinder carrying a fastener driving 35 
plunger mounts on a 'C - frame. 

Fasteners, carried in a tape, are fed in synchron- 
ism with the cylinder operation, and are guided over 
the workpiece through a replaceable nozzle. 

Diverse mechanisms have been developed pre- 40 
viously to ensure that machine applied fasteners ar- 
rive at the workpiece in the correct orientation. 

Where it is possible to introduce a guidance tool 
(as in the case of, say, spring pilot anvils, which are 
used to guide semi-tubular rivets into position), or 45 
where the fastener has adequate bearing surfaces 
along its major diameter, the guidance is generally not 
unduly problematic. 

However, where it is not possible to introduce a 
guidance tool and where the contact or bearing sur- 50 
face is limited (as for instance with a fastener with a 
countersurfk head), or where the length of the fasten- 
er is small relative to its (head) diameter, the problems 
of ensuring accurate presentation are more acute. 

This is particularly so where the application re- 55 
quirements are such that the deliv ry tube cannot be 
maintained in a vertical orientation - ie absent reliance 
upon a gravity feed. 



Disclosure flnventi n 

It has been found that, in circumstances where it 
is^i^ossibteitomse^ and where the 

fastener has an inadequate bearing surface on its ma- 
jor diameter, or where the length of the fastener is 
small relative to its diameter, it is often advisableWFe-* 

^efcy/tobe^y^^ 
*#Gl9E©e^fciffieieTC^ 

It has been found that the necessary restraining 
or gripping force can be generated by providing the 
delivery tube with a' 




More particularly, by contriving thats^ga^gr. 

operatively^^ejjujigaoj^ilgfele^j, movement 
through the tube, both fastener free-fall can be re- 
strained and a desired fastener orientation preserved. 

Thus, for example the delivery tube can be lined 
selectively with a flexible material to provide an inter- 
ference fit on the major diameter of the fastener. 

A continuous internal sleeve provides a restrain- 
ing force around the whole periphery of the fastener. 

However, satisfactory performance has also 
been achieved - 




the delivery tube running longitudinally of, and paral- 
lel to axis of, the tube. 

Consistently successful results have been ach- 
ieved by applying the restraining force with only 




It has also been found that the restraining force 
can be successfully applied by deploying internally 
and longitudinally of the delivery tube strips of spring 
material or mounted strips of spring-loaded rigid, or 
semi-rigid material. 

An alternative method of providing a restraining 
force is by the use of ball bearings - which are free to 
recirculate within closed loops within the wall around 
the delivery tube. 

The balls are free to move with the fastened 

Jr and, as they approach the 
"of the tubej they flow into a return track 
which allows them continuously to recirculate. 

The loops are so arranged that on one leg the 
balls protrude partly into the delivery tube. 

Ideally, the loops are allowed to protrude far 
enough to contact the shank of the fasten r - but, 
where this is not possible, the minimum requirement 
is that they protrude far enough to engage a fastener 
head. 

A loop is so designed that its length is greater 
than the sum of the diameters of the ball bearings, to 
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allow free space for the head of the fastener to take 
up a position between the ball bearings. 

Individual fastener position can be very closely 
controlled by three such loops (symmetrically) 5 
spaced around the delivery tube internal circumfer- 
ence. 

The restraining force which the balls can apply to 
a fastener can be controlled, by ensuring that they are 
brought into contact with a friction pad, disposed so w 
that all the balls in the loop have to pass by it in the 
course of a complete revolution or passage around a 
loop. 

A fastener driving plunger can be grooved along 
its length, so that it does not displace the balls when 15 
it pushes a fastener through the tube. 

Alternatively, if it is desirable to retain the full di- 
ameter of the plunger for a short distance along its 
length, the free space between the balls can be in- 
creased to allow for this. 20 

In each case the requirement is that ttes ^ftgin - 



<tftetsk<^iit©ta will re- 

tain its position within the delivery tube regardless of 
the orientation of the delivery tube, QtBSHPffiSp^pSI^rd 25 

According to one aspect of the invention there is 
I provided gwfeJ teia^ 

i t sJimtradjengte^ rel- 



atively enlarged head, discretely in succession, from 30 
a supply, such as a carrier tape, to a fastening station, 
at which fasteners are applied to a workpiece, by a 
driving head of a fastener application plunger, mov- 
able internally of the delivery tube, the delivery tube 
incorporating a guide, to bear upon a fastener in its 35 
transit through the delivery tube, by forming^iSsiaji 
P^^^SBB^lSSi^QJil*. movable longitudinally of the 
tube, co-operatively in conjunction with fastener 
movement, toji^tmirnjtfoetfast^ 

Thus the guide may comprise a continuous inter- 
nal sleeve lining. 
Alternatively, tfe 

isgjyejiQ^ 45 
iggs.e.dii faa^mumleK 



In yet another variant, < 
^frygsffeTreor^ 50 
^sj&^jigfojmabie^ 

Yet again the guide may comprise a plurality of 
circumferentially-spaced, wgiEhwoffr ggr^ . 
spring-biassed inwardly. 

In still furt her variants, t he guide may comprise a 55 
plurality of circumferentially-spaced, continuously-r - 
circulating ball bearing assemblies, each with a loop- 
ed track, providing fastener contact balls, during fas- 
tener transit through the guide. 




One particular guide configuration relies upon an 
array of three symmetrically-disposed guide mem- 
bers. 

The invention embraces a delivery tube of the 
kind set out above, co-operatively disposed with a 
fastener carrier tape, incorporating a plurality of indi- 
vidual fastener retention holes, each with a profiled 
periphery, to produce a predetermined mode of tape 
deformation, for controlled fastener discharge, 
through depending tape flaps, directed into a funnel 
shaped array, to lie co-operatively within the mouth 
of the delivery tube, and thereby to tgsejej^e^a^le- 
^JSg^^^jeje^^e^tiori, upon controlled discharge 
from the tape and tube entry. 

The invention also embraces a fastener installa- 
tion machine incorporating a fastener delivery tube as 
set out above. 

There now follows a description of some particu- 
lar embodiments of the invention, by way of example 
only, with reference to the accompanying diagram- 
matic and schematic drawings, in which: 

Description of Drawings 

Figure 1 shows the general overall configuration 
of a typical applicator and highlights the position 
of the delivery tube; 

Figure 2 shows a section of a typical delivery tube 
lined with a flexible material with a fastener held 
partially along the tube; 

Figure 3 shows a plan view of the delivery tube 
of Figure 2; 

Figures 4 and 5 show vertical views of alternative 
delivery tube linings to that of Figure 2; 
Figure 6 shows two views of a delivery tube with 
an alternative lining to that of Figures 3, 4 and 5; 
Figure 7 shows two views of a delivery tube with 
yet another alternative lining to that of Figures 3, 
4, 5 or 6; 

Figure 8 shows a sectioned view of a typical de- 
livery tube with recirculating loops of ball bear- 
ings; 

Figure 9 shows the delivery tube of Figure 8 at 

another operational stage; and 

Figure 10 shows the delivery tube of Figures 8 

and 9 at another operational stage. 

Referring to the drawings, and in particular Fig- 
ure 1, a fastener applicator 20 has a fluid-actuated 
ram 31, with a movable piston or plunger driving head 
28 for contacting the head of an individual fastener 25 
and driving the fastener 25 into a workpiece (not 
shown) mounted in the throat 33 of a C-frame 32. 

For repetitive operation, ^s^igsg^^rgll^Is^ 



s^Qfj^a^rCarHtierttapeTgext ypicall v of flexible synthetic 
plastics, ft&fiH«araies£nKO^ 



In order to gain access to a workpi ce in positions 
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V 



where space is restricted, it is often necessary to re- 
lease a fastener 25 from the carrier tape at a point re- 
mote from the workpiece and to use a^^geppuby 
21 to convey the fastener 25 to the point of applica- 5 
tion. 

^^BBSMm^mS^^^ajB^ - and the inter- 
action of its internal passage with the external profile 
of a fastener 25 - tl«Mfi£^^ 

More specifically, in their passage down the de- 
livery tube 21 , the fasteners 25 can lose contact with 
the plunger driving head 28 and become disorientat- 
ed, or mis-aligned, so that when the workpiece is con- 
tacted upon their emergence from the delivery tube 15 
21, they are installed mis-aligned or indeed not prop- 
erly secured at all. 




since 

they exhibit no natural self-alignment, as with a rela- 
tively long thin fastener. 

Short fasteners, especially short, self-piercing 
tubular rivets with a shank 24 and relatively enlarged 
head 27 are advantageous for fastening in shallow 
depth materials to achieve a satisfactory joint, but ex- 
hibit a natural tendency to tumble when passed 
through a delivery tube. 

In order to combat this effect, Figures 2 and 3 
show the provision of a simple, continuous tubular lin- 
ing 22 - of resiliently deformable material - within the 
delivery tube 21 &&^mm^^Mdmfi®^m&F25 



whose cross-section is thus constricted thereby. 

Th is restraint is sufficient to preserve contact be- 
tween the downwardly moving driving head 28 and 
the head 27 of a fastener 25. 





Indeed, Figures 6A and 6B show a symmetrically- 
spaced arra y of inward ly-directec 

ffiETEr^ansEdisDlaeea ble^con- 

Similarly, Figures 7A and 7B show a substitute 
array of spring-loaded blade segments 38, mutually 
entrained by spaced 'O'-rings 39, providing the nec- 
essary spring restraint and inward bias. 

Figures 8 through 1 0 show a more re-active inter- 
nal passage restraint. Specifically, a rivet 45 is push- 
ed into the delivery tube 43 by plunger 48. 

The underside of the head 47 of the rivet 45 rests 
on a ball 54 from each of three equi-angularly spaced 



20 



25 



30 



35 



^and Figure 4 shows three equi- 
angularly spaced inwardly projecting ribs 34 on a 40 
common sleeve 35. 

Figure 5 depicts another intermittent profile for a 
sleeve lining 36. 

The lining 22 could be reduced to slender strips. 
Moreover, tf^^^^^^m^mm^m- 45 



50 



55 



continuous looped tracks or loops 55. 

As the plunger 48 pushes the rivet head 47 fur- 
ther into the tube 43, the balls 54 continue to guide 
the rivet head 47, and thus the rivet 45 as a whole, 
down the tube 43 - and in so doing circulate around 
the loop 55, as indicated by arrows 56. 

The necessary rivet 45 restraining force is ap- 
plied by inwardly-biassing the balls 54 of each track, 
by means of a friction pad 51 with an inward-loading 
spring 53. 



Claims 



I. 

A delivery tube 

for a fastener application machine, 

for transferring fasteners with a shank and relatively 

enlarged head, 

discretely in succession, 

from a supply, such as a carrier tape, 

to a fastening station, 

at which fasteners are applied to a workpiece, 
by a driving head of a fastener application plungisr, 
movable internally of the delivery tube, 
the delivery tube incorporating 
a guide, 

to bear upon a fastener 
in its transit through the delivery tube, 
by forming a local passage constriction, 
movable longitudinally of the tube, 
co-operatively in conjunction with fastener move- 
ment, 

to restrain the fastener head from free-fall there- 
through, 

and preserve a desired fastener orientation 
within the guide. 
II. 

A fastener delivery tube, as claimed in Claim 1, 
wherein the guide comprises a continuous internal 
sleeve lining. 
III. 

A fastener delivery tube, as claimed in Claim 1, 
wherein the guide comprises 

a plurality of longitudinally-extending guide elements, 
co-operatively disposed in a circumferentially-spaced 
array, 

to bear continuously upon a fastener, 
in its transit through the guide. 
IV. 

A fastener delivery tube, as claimed in Claim 1 , 
wherein the guide comprises a plurality of circumfer- 
entially-spaced, 

flexible or resiliently-deformable, 
inwardly-intruding strips. 
V. 

A fastener delivery tube, as claimed in Claim 1 , 
wherein the guide comprises a plurality of circumfer- 
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enttally-spaced, 

rigid, or semi-rigid strips, 

spring-biassed inwardly. 



VI. 



5 



A fastener delivery tube, as claimed in Claim 1, 
wherein the guide comprises a plurality of circumfer- 
entially-s paced, 

continuously-recirculating ball bearing assemblies, 



providing fastener contact balls, 
during fastener tri through the guide. 
VII. 

A fastener delivery tube, as claimed in any of the pre- 
ceding claims, 15 
incorporating three symmetrically-disposed guide 
members. 
VIII. 

Afastener delivery tube, as claimed in any of the pre- 
ceding claims, 20 
co-operatively disposed with a fastener carrier tape, 
incorporating a plurality of individual fastener reten- 
tion holes, 

each with a profiled periphery, 

to produce a predetermined mode of tape deforma- 25 
tion, 

for controlled fastener discharge, 

through depending tape flaps, 

directed into a funnel shaped array, 

to lie co-operatively within the mouth of the delivery 30 

tube, 

and thereby to preserve a desired fastener orienta- 
tion, 

upon controlled discharge from the tape and tube en- 
try. 35 

IX Afastener installation machine incorporating a 
fastener delivery tube as claimed in any of the pre- 
ceding claims. 



each with a looped track, 
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